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Abstract 
 
The traditional concept of tissue is a theoretical construct with several incongruities and 
ambiguities. However, tissue notion is still one useful tool for knowing the microscopic structure of 
the organism and its relationship with the function and pathological injury. Traditionally, the 
apprenticeship to identify histological images (HI) was based on their repetitive observation. This 
classic method is monotonous and is very time consuming. To reduce time and improve learning, 
we propose a conceptual systematization of the microscopic histological components, introducing 
the concept of "tissular structures" (TS). TS are classified in three levels according to their 
complexity. TS of level 1 (TS1) are formed by cells, fibers and ground substance; TS of level 2 
(TS2) are organic masses that, regardless of their localization and spatial configuration, are 
composed of the combination of components of level 1; TS of level 3 (TS3) will be composed of 
elements of the above levels that adopt a certain spatial configuration or 3D pattern. From these 
patterns we (realized) conducted an exhaustive catalogue of TS that are contrasted with its 
corresponding HI. The conceptual systematization of TS, applied in Small Learning Groups and 
used in Self-Learning Modules, appear to be a very efficient method in the apprenticeship of 
identifying histological images (HI). 
 
Introduction 
 
After a critical analysis of the tissue concept, we formulated the following conclusions [1, 2]: (1) 
The tissues are non-observable entities, but they are theoretical constructs. (2) (By) On the contrary, 
the cells (basic elements of tissues), and the organs (built by tissues combination), are both 
observable objets. (3) The tissue notion presents several inconsistencies and ambiguities. In the 
common language of Pathology, the word "tissue" is widely used to refer to heterogeneous masses 
from the organism. These masses are formed by the blend of several classic tissues (epithelial, 
connective, muscular, nervous, etc.). In many cases, these masses refer to organs such as: breast 
("mammary tissue"), liver ("hepatic tissue"), kidney ("renal tissue"), brain ("cerebral tissue"), tooth 
("dental tissue"), ovaries ("ovarian tissue") and eye ("ocular tissue"). On other occasions the term 
tissue is used to define very imprecise structures, such as "erectile tissue" and "soft tissue". (4) 
Finally, the actual idea of tissue is a useful learning tool, but it is susceptible to improvement by 
conceptual systematization. In this last sense, we have suggested replacing the tissue concept with 
another more operative concept of "tissular structure" [1-4]. Tissular structures (TS), as classic 
tissues, are theoretical constructs formed by the microscopic components of the organism (cells, 
fibers and ground substance) and the structures resulting from its systematized combination. 
From a didactic and pedagogic point of view, there are several reasons to conduct a systematization 
of histological components of the organism. In effect, in a practice course of Histology [5] the 
students must acquire the following abilities: (1) To recognize the microscopic characteristics of the 
main cells, tissues and organs of the body. (2) To know, in an elementary way, the relationship 
between the microscopic structure and its function. (3) To become familiar with the normal 
microscopic appearance of cells, tissues and organs in different conditions (functional activity, 
changes during development, technical errors, and pathological conditions). The question is how to 
acquire these abilities? 
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In a traditional Histology course, the method for learning how to recognize microscopic structures, 
consists of providing the student with: (1) a microscope, (2) a set of histological images (slides, 
pictures, digitalized images, etc), and (3) some descriptive material as a support guide. These 
methods have been shown to be effective for years, nevertheless the student is required to dedicate a 
large amount of time memorizing the histological images by repetition [5, 6]. To solve this 
problem, some authors [6] have suggested three solutions: a) reduction of the courses’ content, b) to 
increase the time dedicated to student training, and c) to provide, during the time dedicated to 
student training, a more effective and efficient system. We think that this last alternative is the most 
suitable one. 
 
Without underestimating other didactic methods [6, 7, 8, 9], we are convinced that a more efficient 
system should begin with a conceptual systematization of the microscopic components of the 
organism studied. This systematization will provide students with the basic criteria to distinguish 
the differences between the several kinds of tissues (here "tissular structures"). In favor of this 
hypothesis, there are several reasons from cognitive psychology: (1) the schemes are absolutely 
essential for learning, because of the significance given to the material studied [10]. In this sense, 
the teacher’s task is to discover and define carefully the basic schemes that are necessary for a more 
productive assimilation. (2) A well structured and systematized knowledge base as well as a good 
sequence in the presentation of the learning contents, are highly valued in the apprenticeship [11]. 
To gain the structure of an object is to understand it in a way that permits many other things to be 
significantly related. On the other hand, it is known that the retention of what has been learned and 
knowledge transfer take place when the structure is dominated [11]. 
 
In this chapter, we present our conceptual systematization of the "tissular structures" (TS), which 
serve as guidelines for a subsequent systematization of the histological images (HI). A similar study 
in the field of Neuropathology was conducted several years ago [12]. 
 
Conceptual systematization of the "tissular structures" 
 
1) Some previous notions 
 
When studying the organism from the microscopic structure perspective, we can distinguish three 
different domains: (1) The domain of the real Histological Objects (HO), the domain of the 
Histological Images (HI) or semiologic domain, and finally the domain of the conceptual 
Histological Models (HM). As domain of the HO we understand the whole of the microscopic 
components of the organism as they really are. The semiologic domain (HI) is composed of the 
whole of the images we obtain from the HO using the different histological techniques and 
instruments (microphotography, video-capture, etc.). The domain of the HM is composed of all 
representations and re-constructions we make of the components of the first domain (HO) through 
the components of the second one (HI). 
 
The aim of these explanations is to evidence that HO are not presented to the researcher's or the 
student's eyes in their true state and that the information made available in the form of HM proceeds 
basically from the interpretation we make of the HI. This distinction of three domains, in spite of its 
evidence, is not considered frequently, a fact that, in our opinion, implies a grave disadvantage from 
a conceptual as well as didactic point of view. In this sense Elias [13] has signaled the tendency, in 
those persons who are observing HI as a routine, to identify these with HO. In the opinion of this 
author this simple fact has been the cause of the perpetuation of important errors about the real 
microscopic structure of the organism. 
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Below, we shall carry out a conceptual systematization of the different tissue structures. For this 
purpose we shall take a series of symbolic models (or HM), which will serve, to the student as a 
guide for a later interpretation of the HI. The symbolic models are joined with some HI. 
 
2) Different types of "tissular structures" 
 
A) Level 1 tissular structures (Figs. 1 and 2): 
 
When we analyzed the organism using different histological techniques, we found that three basic 
element types are included in its composition: cells, fibers and amorphous substances (Fig. 1). We 
call these elements level 1 tissular structures (TS1). Each element of this level may be systematized 
conceptually, however here only fibers will be presented (Fig. 2). We can divide the fibers into 
three main groups: Collagen fibers, that produce fascicles when they laterally assemble, reticular 
fibers (collagen type IV) tending to form nets, and elastic fibers disposing themselves in fascicles or 
fenestrated lamellae. 
 
 
 
 
Figure 1: Symbolic representation of tissular structures. Level 1 tissular structures (TS1) 
are composed of cells (c), ground substance (gs) and fibers (f). Level 2 tis sular structures 
(TS2) are formed by a combination of TS1: only cells (ST2-I) or cells (c), ground substance 
(gs) and fibers (f) combination (TS2-II). The combination of TS1 and TS2 give level 3 TS 
(TS3). TS3 can be split into three basic types: TS3-Lamellars (TS3-L), TS3-Spherical 
(TS3-S) and TS3-Cylindrical (TS3-C). 
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Figure 2: Symbolic representation of fibers: a) collagen fibers forming fascicles, b) 
reticular fibers building nets, and c) elastic fibers forming fascicles and fenestrated 
lamellae. 
 
 
 
 
 
Figure 3: TS2-I: Symbolic representation of epithelial tissue (A), composed exclusively of 
juxtaposed cells. In C we observe its respective histological image (HI). Nervous tissue (B) 
is formed exclusively by juxtaposed cells, provided with several processes. In (D) we 
observe an ultrastructural image of the neuropil. Several processes closely joined form 
neuropil. 
 
 
 
 
Figure 4: TS2-II: (A) Symbolic representation of hyaline cartilage, constituted by cells, 
collagen fibers and ground substance. Observe the great homology between the model and 
its respective HI (C). With this technique, collagen fibers are not visible in HI. (B) 
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Symbolic representation of reticular tissue, composed of cells, reticular fibers and ground 
substance. Here, reticular fibers are visible in HI with the technique used (D). 
 
 
 
 
 
 
Figure 5: TS2-II: (A) Symbolic representation of elastic tissue, composed of cells, elastic 
fibers and ground substance. Observe the great homology between the model and its HI 
(C). Here, elastic fibers are visible in HI with the technique used. (B) Symbolic 
representation of fibrous tissue, composed of cells, abundant collagen fibers and ground 
substance. Here, the collagen fibers are not visible in HI (D). 
 
 
B) Level 2 tissular structures (Figs. 1, 3, 4 and 5): 
 
The elements of level 1 are not randomly distributed within the organism. The histological 
techniques show that tissues are placed in a certain order, regularity and repetition regardless of 
their location. Level 2 tissular structures (TS2) are organic masses that, regardless of their location 
and spatial configuration, are composed of the combination of cells, fibers and amorphous 
substances. Within this type we may distinguish different subtypes according to the attributes or 
outstanding characteristics of the elements of level 1. If we observe the most outstanding 
characteristics of its various combination forms, and if we take into consideration the following 
conditions: a) abstraction of its location, b) abstraction of edges or limits and, c) presence always of 
cells as a constitutive element, we will find that there are two basic level 2 tissular structure types 
(TS2): 
 
1) TS2 type I (TS2 I): composed exclusively of juxtaposed cells (Fig. 1 and 3). This structure type 
includes the classic varieties of epithelial (Fig. 3 C and 3C) and nervous tissues (Fig. 3 B and 3D). 
 
2) TS2 type II (TS2-II): Unlike the TS2-I, this type of tissular structure is composed of more than 
one element of level 1, generally by all three: cells, fibers and amorphous substance (Fig. 4 and 5). 
There are several examples of this kind of TS. However here we are only going to show some 
characteristic examples of connective tissues such as cartilaginous (Fig 4 A and C), reticular (Fig 4 
B and D), elastic (Fig 5 A and C) and fibrous (Fig 5 B and D). 
 
C) Level 3 tissular structures (Figs. 1, 6 and 7): 
 
As indicated above, a fundamental characteristic of the TS2 is that their identification does not 
depend on the consideration of space limits and location. The tissular structures of level 3 (TS3) 
will be composed of elements of the foregoing levels, which adopt a determined spatial 
configuration or 3D pattern. When the histological objects that fulfil this requirement were 
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analyzed, they were revealed to be numerous. Nevertheless, and from a systematizing point of view, 
we can divide TS3 into three basic types: TS3-Lamellars (TS3-L, Fig. 1 and 6), TS3-Cylindrical 
(TS3-C, Fig. 1 and 7) and TS3 Spherical (TS3-S, Fig. 1 and 7). Observe that TS3-C and TS3-S can 
be either hollow or solid. On the other hand TS3 can be formed preferably by ST2-I of an epithelial 
nature (Fig. 7 a, d, e, g) or by ST2-II (Fig. 7 b, c, f).  
 
 
 
 
 
Figure 6: TS3-L: (A) Symbolic representation of lamellae ST3 (ST3-L). (B) Example of an 
histological image from a ST3- L: Tracheal mucous, vertical section of respiratory 
epithelium and its lamina propria. 
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Figure 7: Symbolic representation and histological images (HI) of cylindrical (TS3-C) and 
spherical (TS3-S) TS3, both solid and hollow. (a) HI from a solid TS3-C formed especially 
with TS2-I (see Fig. 1). The image shows a vertical section of an interpapillary peg 
deepening into the dermis. (b) HI from a solid TS3-C formed especially with TS2-II (see 
Fig. 1). The image shows the cross-section of a small peripheral nerve. (c) HI from a solid 
TS3-S constituted especially with TS2-II (see Fig. 1). The image shows the cross-section of 
a lymphoid nodule. (d) HI from a solid TS3-S composed especially of TS2-I (see Fig. 1). 
The image shows the cross-section of a primary bilaminar follicle. (e) HI from a hollow 
TS3-C formed especially with TS2-I (see Fig. 1). The image shows the vertical-section of a 
crypt of the colon deeping into lamina propria. (f) HI from a hollow TS3-C composed 
especially of TS2-II (see Fig. 1). The image shows the cross-section of a small artery. (g) 
HI from a hollow TS3-S formed especially with TS2-I (see Fig. 1). The image shows the 
cross-section of a thyroid follicle. 
 
Our methodology and results 
 
To apply our didactic system, we used two different methods: a) teaching in small groups and b) 
learning by self-instruction modules. In the first method the teacher presented, using projected 
images, the systematized TS and HI together to small groups of students. Then the students 
compare HI with TS, discuss among themselves and progressively learn to discover the criteria 
necessary to identify the HI from of TS models. In this method, students learn to identify and 
remember the HI on their own. With the second method, the student is simultaneously teacher and 
learner. In this method the didactic materials (systematized TS, HI, goals, pre-test, post-test, etc.) 
are presented as self-instruction models. The presentation of the didactic material can be conducted 
in the practice laboratory using a slides projector and several sets of HI overheads, and a book with 
the TS and instruction. More recently the presentation of material is carried out by means of 
Internet. We have demonstrated the effectiveness of TS systematization in learning to interpret HI 
and this effectiveness is shown in Figure 8. 
 
 
 
Figure 8: Results obtained after self-instruction modules. The student was simultaneously teacher and learner. In this 
study the didactic materials (systematized TS, HI, goals, pre-test, post-test, etc.) were presented in the practice 
laboratory using a slides projector and various sets of transparencies de HI, and a book with the TS and instruction. The 
students of all groups: Strong (S) = 33% better, Medium (M), and weak (W) = 33% worse, significantly improve their 
achievement (Shading bars) with this methodology. (Modified from De Juan, 1996 pp. 92). 
 
Discussion 
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The three levels of "tissular structures" we have defined represent the groundwork for a 
systematized understanding of the microscopic structure of the organism. In this way, with a few 
elements and criteria, the student can analyze the microscopic structure of the organism described in 
the texts. The symbolic model used in our description represents an aid for remembering the 
different exposed categories. As one might observe there is not always a clear isomorphism 
between the symbolic model and the histological images, since the former is obtained by means of 
numerous histological images and by a combination of several techniques. The latter indicates the 
need to conduct a systematization of the histological images and to create basic criteria for their 
interpretation. 
 
The models that we have presented here are not simply architectural representations of the 
microscopic structure of the organism. Through them it is possible to infer their functional 
significance. However, we shall deal with this problem in a future work. 
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